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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to an electro-me-
chanical surgical device.

BACKGROUND INFORMATION

[0002] The literature is replete with descriptions of sur-
gical devices. For example, U.S. Patent No. 4,705,038
to Sjostrom et al. describes a surgical system for powered
instruments. The system includes a handpiece contain-
ing a motor and including a recess adapted to receive
one of a plurality of surgical devices. A pair of reed switch-
es is disposed within the recess, and each of the surgical
devices includes one or two magnets adapted to actuate
the reed switches in a particular combination when the
device is assembled with the handpiece. The combina-
tion of reed switches activated by the magnets of the
assembled handpiece and surgical device identifies to
the system the surgical device so assembled with the
handpiece. The number of possible surgical devices
identifiable by this system is limited to the four possible
combination of up to two magnets.

[0003] U.S. Patent No. 4,995,877 to Ams et al. de-
scribes a device with a rotationally-driven surgical instru-
ment. The device includes a hand-held element contain-
ing a driving motor for driving a tool insert. The device
further includes a control unit having a storage unit for
storing operational data manually set by the user of the
device. Such data may be transferred to a code carrier,
which is insertable into a plug-in facility.

[0004] U.S.PatentNo. 5,249,583 to Mallaby describes
an electronic biopsy instrument with wiperless position
sensors. A slotted disc and a cam are affixed to a drive
shaft, which is driven by a motor. A pair of sensors is
arranged so that each sensor is activated when the slot
of the slotted disc is positioned over the sensor to thereby
determine the position of a cannula and a stylet of the
instrument. The sensors, slotted disc, cam, motor and
rechargeable batteries for powering the instrument are
contained within a housing of the instrument.

[0005] U.S.PatentNo. 5,383,880 to Hooven describes
an endoscopic surgical system with sensing means. The
instrument includes a motor disposed within a hand-held
housing. Asensoris provided inthe head of an instrument
of the system for sensing the blood oxygen content of
adjacent tissue.

[0006] Similarly, U.S. Patent No. 5,395,033 to Byme
etal. describes an endoscopic surgical instrument having
apair of jaws. A permanent magnet is disposed in a distal
end of one of the jaws, and a magneto-resistive sensor
is disposed in a distal end of the other one of the jaws.
The magnet produces a magnetic field between the jaws,
and the sensor measures the variations in the magnetic
field so that the distance between the jaws may be de-
termined.
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[0007] U.S. Patent No. 5,467,911 to Tsuruta et al. de-
scribes a surgical device for stapling and fastening body
tissues. The device includes an operation section and an
insertion section, which is detachably attachable to the
operation section.

[0008] U.S. Patent Nos. 5,518,163, 5,518,164 and
5,667,517, all to Hooven, describe an endoscopic surgi-
cal system, which includes a motor disposed in a handle
portion. A sensing member, which is used to sense the
blood oxygen content of adjacent tissue, is disposed in
a head of the instrument. A contact is also provided in
the head of the instrument. When afiring nut of the system
has moved forward in the head to drive and form surgical
staples disposed therein, the firing nut engages the con-
tact, thereby reversing the motor to retract the firing nut.
[0009] U.S.PatentNo. 5,653,374 to Youngetal., U.S.
Patent No. 5,779,130 to Alesi et al. and U.S. Patent No.
5,954,259 to Viola et al. describe a self-contained pow-
ered surgical apparatus, which includes a motor assem-
bly and power source disposed within a hand-held instru-
ment body.

[0010] These instruments and systems described
above suffer numerous disadvantages. For example, in
several of the above-described instruments and sys-
tems, a motor is disposed within a handle of the instru-
ment. Due to size considerations, these motors generally
provide limited torque. In certain of the instruments and
systems described above, a battery is provided within
the handle for powering the motor. Such battery systems,
however, provide limited electrical power to the motors,
further limiting the torque output by the motors.

[0011] In addition, it is generally not possible to accu-
rately ascertain the positions of the operative elements
of the aforementioned instruments and systems.

[0012] A further disadvantage of the above-described
instruments and systems is that such instruments and
systems typically require manual manipulation and op-
eration. When a motor is provided in the handle of such
instruments, manual manipulation and operation is awk-
ward and cumbersome to the operator.

[0013] EP 1 132 051 describes the use of a shaft ar-
rangement in a surgical procedure carried out on a hip.
The shaft arrangement has the elements set forth in the
precharacterising clause of the independent claim.

SUMMARY
[0014] According to the invention there is provided a
shaft arrangement as characterised in the independent

claim.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1is a perspective view of an electro-mechan-
ical surgical device.
Figure 2is aside elevational view, partially in section,
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of a flexible shaft of the electro-mechanical surgical
device illustrated in Figure 1.

Figure 3 is a cross-sectional view of the flexible shaft
taken along the line 3 - 3 shown in Figure 2.

Figure 4 is a rear end view of a first coupling of the
flexible shaft illustrated in Figure 2.

Figure 5 is a front end view of a second coupling of
the flexible shaft illustrated in Figure 2.

Figure 6 is a schematic view illustrating a motor ar-
rangement of the electro-mechanical surgical device
illustrated in Figure 1.

Figure 7 is a schematic view of the electro-mechan-
ical surgical device illustrated in Figure 1.

Figure 8 is a schematic view of an encoder of the
flexible shaft illustrated in Figures 2 and 3.

Figure 9a is a schematic cross-sectional side view
of a first example embodiment of a circular surgical
stapler attachment used in connection with the elec-
tro-mechanical surgical deviceiillustrated in Figure 1.
Figure 9a is a schematic cross-sectional side view
of a second example embodiment of a circular sur-
gical stapler attachment used in connection with the
electro-mechanical surgical device illustrated in Fig-
ure 1.

Figure 9c is an exploded view of an example em-
bodiment of a gear arrangement of the second ex-
ample embodiment of the circular surgical stapler
attachment illustrated in Figure 9b.

Figure 10 is a schematic view of a memory device
of the first example embodiment of a circular surgical
stapler attachment illustrated in Figure 9b.

Figure 11 is a schematic view of a wireless remote
control unit of the electro-mechanical surgical device
illustrated in Figure 1.

Figure 12 is a schematic view of a wired remote con-
trol unit of the electro-mechanical surgical device il-
lustrated in Figure 1.

Figure 13 illustrates a flowchart of a first example
embodiment of a main operating program for oper-
ating the electro-mechanical surgical device illustrat-
ed in Figures 1.

Figures 14a to 14d illustrate a flowchart of a first ex-
ample embodiment of a fire routine for a circular sur-
gical stapler attachment, such as that illustrated in
Figures 9a to 9c.

Figures 15a and 15b illustrate a flowchart of a clamp
routine for a circular surgical stapler attachment,
such as that illustrated in Figures 9a to 9c.

Figure 16 illustrates a flowchart of an unclamp rou-
tine for a circular surgical stapler attachment, such
as that illustrated in Figures 9a to 9c.

Figures 17ato 17d illustrate a flowchart of a second
example embodiment of a main operating program
for operating the electro-mechanical surgical device
illustrated in Figure 1.

Figures 18a and 18b illustrate a flowchart of a self-
test operating program for the electro-mechanical
surgical device illustrated in Figure 1.
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Figures 19a to 19e illustrate a flowchart for a field
test operating program for the electro-mechanical
surgical device illustrated in Figure 1.

Figures 20a to 20c illustrate a flowchart for a main
operating program for operating the circular surgical
stapler attachment, such as thatillustrated in Figures
9ato 9c.

Figures 21 a to 21d illustrate a flowchart of a second
example embodiment of a fire routine for a circular
surgical stapler attachment, such as that illustrated
in Figures 9a to 9c.

Figures 22a and 22b illustrate aflowchart of a second
example embodiment of a clamp routine for a circular
surgical stapler attachment, such as that illustrated
in Figures 9a to 9c.

Figures 23a and 23b illustrate aflowchart of a second
example embodiment of an unclamp routine for a
circular surgical stapler attachment, such as that il-
lustrated in Figures 9a to 9c.

Figure 24a is an exploded view of an example de-
tachable second coupling.

Figure 24b is an assembled view of the example de-
tachable second coupling illustrated in Figure 24a.

Figure 25 is a sectional view of a fully assembled
example detachable second coupling including a
flexible strip locking mechanism.

Figures 26a to 26d illustrates an operational se-
quence for locking and unlocking the fully assembled
example detachable second coupling illustrated in
Figure 25.

Figure 27 illustrates example drive shaft members
of a detachable second coupling. ,

Figure 28a illustrates an exploded view of an exam-
ple connection mechanism for connecting a second
coupling to a surgical attachment.

Figure 28b illustrates an assembled view of an ex-
ample connection mechanism for connecting a sec-
ond coupling to a surgical attachment.

Figure 28c illustrates an sectional view of an exam-
ple connection mechanism for connecting a second
coupling to a surgical attachment.

Figure 29 illustrates an example PCB board for use
in a flexible shaft.

Figure 30a illustrates an exploded view of a rigid

sleeve.
Figure 30b illustrates an assembled view of a rigid
sleeve.
Figure 30c illustrates a sectional view of a rigid
sleeve.

Figure 31 illustrates an example flexible shaft includ-
ing a moisture sensor for detecting moisture.
Figure 32 illustrates an example moisture sensor.

DETAILED DESCRIPTION

[0016] Those skilled in the art will gain an appreciation
of the present invention from a reading of the following
description when viewed in conjunction with the accom-
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panying drawings of Figures 1 to 32, inclusive, wherein
only the shape-retaining sleeve shown in Figs. 30a-30c
is an embodiment of the invention, whereas the other
devices do not fall within the scope of the claims. The
individual reference characters designate the same or
similar elements throughout the several views.

[0017] Referring to Figure 1, there is seen a perspec-
tive view of an electro-mechanical surgical device 10.
Electro-mechanical surgical device 10 may include, for
example, a remote power console 12, which includes a
housing 14 having a front panel 15. Mounted on front
panel 15 are a display device 16 and indicators 18a, 18b,
which are more fully described hereinbelow. A shaft 20
may extend from housing 14 and may be detachably se-
cured thereto via a first coupling 22. The shaft 20 may
be flexible, rigid, articulable, articulatable, etc. Although
shaft 20 is referred to below as a flexible shaft 20, it should
be understood that reference to a flexible shaft 20 is
merely one example embodiment of the shaft 20 and that
shaft 20 is in no way limited to a flexible arrangement.
The distal end 24 of flexible shaft 20 may include a second
coupling 26 adapted to detachably secure a surgical in-
strument or attachment to the distal end 24 of flexible
shaft 20. The surgical instrument or attachment may be,
for example, a surgical stapler, a surgical cutter, a sur-
gical stapler-cutter, a linear surgical stapler, a linear sur-
gical stapler-cutter, a circular surgical stapler, a circular
surgical stapler-cutter, a surgical clip applier, a surgical
clip ligator, a surgical clamping device, a vessel expand-
ing device, a lumen expanding device, a scalpel, a fluid
delivery device or any other type of surgical instrument.
Such surgical instruments are described, for example, in
U.S. Patent Application Serial No. 09/324,451, entitled
"A Stapling Device for Use with an Electromechanical
Driver Device for Use with Anastomosing, Stapling, and
Resecting Instruments," U.S. Patent Application Serial
No. 09/324,452, entitled "Electromechanical Driver De-
vice for Use with Anastomosing, Stapling, and Resecting
Instruments," U.S. Patent Application Serial No. 09/351,
534, entitled "Automated Surgical Stapling System," U.S.
Patent Application Serial No. 09/510,926, entitled "A
Vessel and Lumen Expander Attachment for Use with an
Electromechanical Driver Device," U.S. Patent Applica-
tion Serial No. 09/510,927, entitled "Electromechanical
Driver and Remote Surgical Instruments Attachment
Having Computer Assisted Control Capabilities," U.S.
Patent Application Serial No. 09/510,931, entitled "A Tis-
sue Stapling Attachment for Use with an Electromechan-
ical Driver Device," U.S. Patent Application Serial No.
09/510,932, entitled "A Fluid Delivery Mechanism for Use
with Anastomosing, Stapling, and Resecting Instru-
ments," and U.S. Patent Application Serial No.
09/510,933, entitled "A Fluid Delivery Device for Use with
Anastomosing, Stapling, and Resecting Instruments".
[0018] Referring to Figure 2, there is seen a side view,
partially in section, of flexible shaft 20. According to one
embodiment, flexible shaft 20 includes a tubular sheath
28, which may include a coating or other sealing arrange-
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ment to provide a fluid-tight seal between the interior
channel 40 thereof and the environment. Sheath 28 may
be formed of a tissue-compatible, sterilizable elastomeric
material. The sheath 28 may also be formed of a material
that is autoclavable. The sheath 28 may be formed of a
material having a high or relatively high lubricity. For ex-
ample, sheath 28 may include Teflon™(i.e., a fluoropol-
ymer, e.g., polytetrafluoroethylene -- "PTFE"), silicone,
a Teflon™/silicone combination, such as, for example,
SIL-KORE™ (made by W.L. Gore & Associates). Dis-
posed within the interior channel 40 of flexible shaft 20,
and extending along the entire length thereof, may be a
first rotatable drive shaft 30, a second rotatable drive
shaft 32, afirst steering cable 34, a second steering cable
35, a third steering cable 36, a fourth steering cable 37
and a data transfer cable 38. Figure 3 is a cross-sectional
view of flexible shaft 20 taken along the line 3 - 3 shown
in Figure 2 and further illustrates the several cables 30,
32, 34, 35, 36, 37, 38. Each distal end of the steering
cables 34, 35, 36, 37 is affixed to the distal end 24 of the
flexible shaft 20. Each of the several cables 30, 32, 34,
35, 36, 37, 38 may be contained within a respective
sheath.

[0019] The firstrotatable drive shaft 30 and the second
rotatable drive shaft 32 may be configured, for example,
as highly flexible drive shafts, such as, for example, braid-
ed or helical drive cables. It should be understood that
such highly flexible drive cables may have limited torque
transmission characteristics and capabilities. It should
also be understood that surgical instruments, such as
the circular surgical stapler attachment 250 illustrated in
Figure 9a and the circular surgical stapler attachment
2250 illustrated in Figures 9b and 9c and described be-
low, or other attachments detachably attachable to the
flexible shaft 20 may require a higher torque input than
the torque transmittable by the drive shafts 30, 32. The
drive shafts 30, 32 may thus be configured to transmit
low torque but high speed, the high speed/low torque
being converted to low speed/high torque by gearing ar-
rangements disposed, for example, at the distal end
and/or the proximal end of the drive flexible shaft 20, in
the surgical instrument or attachment and/or in the re-
mote power console 12. It should be appreciated that
such gearing arrangement(s) may be provided at any
suitable location along the power train between the mo-
tors disposed in the housing 14 and the attached surgical
instrument or other attachment detachably attachable to
the flexible shaft 20. Such gearing arrangement(s) may
be provided in the surgical instrument or other attach-
ment detachably attachable to the flexible shaft 20. Such
gearing arrangement(s) may include, for example, a spur
gear arrangement, a planetary gear arrangement, a har-
monic gear arrangement, cycloidal drive arrangement,
an epicyclic gear arrangement, etc. An example embod-
iment of a circular surgical stapler attachment 2250 hav-
ing a gearing arrangement for converting high speed/low
torque to low speed/high torque is illustrated in Figures
9b and 9c and described hereinbelow.
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[0020] Referring now to Figure 4, there is seen a rear
end view of first coupling 22. First coupling 22 includes
a first connector 44, a second connector 48, a third con-
nector 52 and a fourth connector 56, each rotatably se-
cured to first coupling 22. Each of the connectors 44, 48,
52, 56 includes a respective recess 46, 50, 54, 58. As
shown in Figure 4, each recess 46, 50, 54, 58 may be
hexagonally shaped. It should be appreciated, however,
that the recesses 46, 50, 54, 58 may have any shape
and configuration to non-rotatably couple and rigidly at-
tach the connectors 44, 48, 52, 56 to respective drive
shafts of the motor arrangement contained within the
housing 12, as more fully described below. It should be
appreciated that complementary projections may be pro-
vided on respective drive shafts of the motor arrange-
ment to thereby drive the drive elements of the flexible
shaft 20 as described below. It should also be appreci-
ated that the recesses may be provided on the drive
shafts and complementary projections may be provided
on the connectors 44, 48, 52, 56. Any other coupling ar-
rangement configured to non-rotatably and releasably
couple the connectors 44, 48, 52, 56 and the drive shafts
of the motor arrangement may be provided.

[0021] One of the connectors 44, 48, 52, 56 is non-
rotatably secured to the first drive shaft 30, and another
one of the connectors 44, 48, 52, 56 is non-rotatably se-
cured to the second drive shaft 32. The remaining two of
the connectors 44, 48, 52, 56 engage with transmission
elements configured to apply tensile forces on the steer-
ing cables 34, 35, 36, 37 to thereby steer the distal end
24 of the flexible shaft 20. The data transfer cable 38 is
electrically and logically connected with data connector
60. Data connector 60 includes, for example, electrical
contacts 62, corresponding to and equal in number to
the number of individual wires contained in the data cable
38. First coupling 22 includes a key structure 42 to prop-
erly orient the first coupling 22 to a mating and comple-
mentary coupling arrangement disposed on the housing
12. Such key structure 42 may be provided on either one,
or both, of the first coupling 22 and the mating and com-
plementary coupling arrangement disposed on the hous-
ing 12. First coupling 22 may include a quick-connect
type connector, which may use, for example, a simple
pushing motion to engage the first coupling 22 to the
housing 12. Seals may be provided in conjunction with
any of the several connectors 44, 48,52, 56, 60 to provide
a fluid-tight seal between the interior of first coupling 22
and the environment.

[0022] Referring now to Figure 5, there is seen a front
end view of the second coupling 26 of flexible shaft 20.
Second coupling 26 includes a first connector 66 and a
second connector 68, each being rotatably secured to
the second coupling 26 and each being non-rotatably
secured to a distal end of a respective one of the first and
second drive shafts 30, 32. A quick-connect type fitting
64 is provided on the second coupling 26 for detachably
securing the surgical instrument or attachment thereto.
The quick-connect type fitting 64 may be, for example, a
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rotary quick-connect type fitting, a bayonet type fitting,
etc. Akey structure 74 is provided on the second coupling
26 for properly aligning the surgical instrument or attach-
ment to the second coupling 26. The key structure or
other arrangement for properly aligning the surgical in-
strument or attachment to the flexible shaft 20 may be
provided on either one, or both, of the second coupling
26 and the surgical instrument or attachment. In addition,
the quick-connect type fitting may be provided on the
surgical instrument or attachment. A data connector 70,
having electrical contacts 72, is also provided in the sec-
ond coupling 26. Like the data connector 60 of first cou-
pling 22, the data connector 70 of second coupling 26
includes contacts 72 electrically and logically connected
to the respective wires of data transfer cable 38 and con-
tacts 62 of data connector 60. Seals may be provided in
conjunction with the connectors 66, 68, 70 to provide a
fluid-tight seal between the interior of second coupling
26 and the environment.

[0023] Disposedwithin housing 14 ofthe remote power
console 12 are electro-mechanical driver elements con-
figured to drive the drive shafts 30, 32 and the steering
cables 34, 35, 36, 37 to thereby operate the electro-me-
chanical surgical device 10 and the surgical instrument
or attachment attached to the second coupling 26. In the
example embodiment illustrated schematically in Figure
6, five electric motors 76, 80, 84, 90, 96, each operating
viaa power source, may be disposed in the remote power
console 12. It should be appreciated, however, that any
appropriate number of motors may be provided, and the
motors may operate via battery power, line current, a DC
power supply, an electronically controlled DC power sup-
ply, etc. It should also be appreciated that the motors
may be connected to a DC power supply, which is in turn
connected to line current and which supplies the operat-
ing current to the motors.

[0024] Figure 6 illustrates schematically one possible
arrangement of motors. An output shaft 78 of a first motor
76 engages with the first connector 44 of the first coupling
22 when the first coupling 22, and, therefore, flexible shaft
20, is engaged with the housing 14 to thereby drive the
first drive shaft 30 and first connector 66 of second cou-
pling 26. Similarly an output shaft 82 of a second motor
80 engages the second connector 48 of first coupling 22
when first coupling 22, and, therefore, flexible shaft 20
is engaged with the housing 14 to thereby drive the sec-
ond drive shaft 32 and second connector 68 of second
coupling 26. An output shaft 86 of a third motor 84 en-
gages the third connector 52 of the first coupling 22 when
the first coupling 22, and, therefore, flexible shaft 20, is
engaged with the housing 14 to thereby drive the first
and second steering cables 34, 35 via a first pulley ar-
rangement 88. An output shaft 92 of a fourth motor 90
engages the fourth connector 56 of the first coupling 22
when the first coupling 22, and, therefore, flexible shaft
20, is engaged with the housing 14 to thereby drive the
third and fourth steering cables 36, 37 via a second pulley
arrangement 94. The third and fourth motors 84, 90 may
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be secured on a carriage 100, which is selectively mov-
able via an output shaft 98 of a fifth motor 96 between a
first position and a second position to selectively engage
and disengage the third and fourth motors 84, 90 with
the respective pulley arrangement 88, 94 to thereby per-
mit the flexible shaft 20 to become taut and steerable or
limp as necessary. It should be appreciated that other
mechanical, electrical or electro-mechanical mecha-
nisms may be used to selectively engage and disengage
the steering mechanism. The motors may be arranged
and configured as described, for example, in U.S. Patent
Application Serial No. 09/510,923, entitled "A Carriage
Assembly for Controlling a Steering Wire Mechanism
Within a Flexible Shaft".

[0025] It should be appreciated, that any one or more
of the motors 76, 80, 84, 90, 96 may be high-speed/low-
torque motors or low-speed/high-torque motors. As indi-
cated above, the first rotatable drive shaft 30 and the
second rotatable drive shaft 32 may be configured to
transmit high speed and low torque. Thus, the first motor
76 and the second motor 80 may be configured as high-
speed/low-torque motors. Alternatively, the first motor 76
and the second motor 80 may be configured as low-
speed/high-torque motors with a torque-reducing/speed-
increasing gear arrangement disposed between the first
motor 76 and the second motor 80 and a respective one
of the first rotatable drive shaft 30 and the second rotat-
able drive shaft 32. Such torque-reducing/speed-in-
creasing gear arrangement may include, for example, a
spur gear arrangement, a planetary gear arrangement,
a harmonic gear arrangement, cycloidal drive arrange-
ment, an epicyclic gear arrangement, etc. It should be
appreciated that any such gear arrangement may be dis-
posed within the remote power console 12 or in the prox-
imal end of the flexible shaft 20, such as, for example, in
the first coupling 22. It should be appreciated that the
gear arrangement(s) are provided at the distal and/or
proximal ends of the first rotatable drive shaft 30 and/or
the second rotatable drive shaft 32 to prevent windup
and breakage thereof.

[0026] Referring now to Figure 7, there is seen a sche-
matic view of the electro-mechanical surgical device 10.
A controller 122 is provided in the housing 14 of remote
powerconsole 12 and is configured to control all functions
and operations of the electro-mechanical surgical device
10 and any surgical instrument or attachment attached
to the flexible shaft 20. A memory unit 130 is provided
and may include memory devices, such as, a ROM com-
ponent 132 and/or a RAM component 134. ROM com-
ponent 132is in electrical and logical communication with
controller 122 via line 136, and RAM component 134 is
in electrical and logical communication with controller
122 via line 138. RAM component 134 may include any
type of random-access memory, such as, for example,
a magnetic memory device, an optical memory device,
amagneto-optical memory device, an electronic memory
device, etc. Similarly, ROM component 132 may include
any type of read-only memory, such as, for example, a
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removable memory device, such as a PC-Card or PCM-
CIA-type device. It should be appreciated that ROM com-
ponent 132 and RAM component 134 may be embodied
as a single unit or may be separate units and that ROM
component 132 and/or RAM component 134 may be pro-
vided in the form of a PC-Card or PCMCIA-type device.
Controller 122 is further connected to front panel 15 of
housing 14 and, more particularly, to display device 16
via line 154 and indicators 18a, 18b via respective lines
156, 158. Lines 116, 118, 124, 126, 128 electrically and
logically connect controller 122 to first, second, third,
fourth and fifth motors 76, 80, 84, 90, 96, respectively. A
wired remote control unit ("RCU") 150 is electrically and
logically connected to controller 122 via line 152. A wire-
less RCU 148 is also provided and communicates via a
wireless link 160 with a receiving/sending unit 146 con-
nected via line 144 to a transceiver 140. The transceiver
140 is electrically and logically connected to controller
122 via line 142. Wireless link 160 may be, for example,
an optical link, such as an infrared link, a radio link or any
other form of wireless communication link.

[0027] A switch device 186, which may be, for exam-
ple, an array of DIP switches, may be connected to con-
troller 122 via line 188. Switch device 186 may be used,
forexample, to select one of a plurality of languages used
in displaying messages and prompts on the display de-
vice 16. The messages and prompts may relate to, for
example, the operation and/or the status of the electro-
mechanical surgical device 10 and/or to any surgical in-
strument or attachment attached thereto,

[0028] According to the example a first encoder 106 is
provided within the second coupling 26 and is configured
to output a signal in response to and in accordance with
the rotation of the first drive shaft 30. A second encoder
108 is also provided within the second coupling 26 and
is configured to output a signal in response to and in
accordance with the rotation of the second drive shaft
32. The signal output by each of the encoders 106, 108
may represent the rotational position of the respective
drive shaft 30, 32 as well as the rotational direction there-
of. Such encoders 106, 108 may be, for example, Hall-
effect devices, optical devices, etc. Although the encod-
ers 106, 108 are described as being disposed within the
second coupling 26, it should be appreciated that the
encoders 106, 108 may be provided at any location be-
tween the motor system and the surgical instrument or
attachment. It should be appreciated that providing the
encoders 106, 108 within the second coupling 26 or at
the distal end of the flexible shaft 20 provides for an ac-
curate determination of the drive shaft rotation. If the en-
coders 106, 108 are disposed at the proximal end of the
flexible shaft 20, windup of the first and second rotatable
drive shafts 30, 32 may result in measurement error.
[0029] Figure 8is a schematic view of an encoder 106,
108, which includes a Hall-effect device. Mounted non-
rotatably on drive shaft 30, 32 is a magnet 240 having a
north pole 242 and a south pole 244. The encoder 106,
108 furtherincludes a first sensor 246 and second sensor
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248, which are disposed approximately 90° apart relative
to the longitudinal, or rotational, axis of drive shaft 30,
32. The output of the sensors 246, 248 is persistent and
changes its state as a function of a change of polarity of
the magnetic field in the detection range of the sensor.
Thus, based on the output signal from the encoders 106,
108, the angular position of the drive shaft 30, 32 may
be determined within one-quarter revolution and the di-
rection of rotation of the drive shaft 30, 32 may be deter-
mined. The output of each encoder 106, 108 is transmit-
ted via a respective line 110, 112 of data transfer cable
38 to controller 122. The controller 122, by tracking the
angular position and rotational direction of the drive
shafts 30, 32 based on the output signal from the encod-
ers 106, 108, can thereby determine the position and/or
state of the components of the surgical instrument or at-
tachment connected to the electro-mechanical surgical
device 10. Thatis, by counting the revolutions of the drive
shaft 30, 32, the controller 122 can determine the position
and/or state of the components of the surgical instrument
or attachment connected to the electro-mechanical sur-
gical device 10.

[0030] For example, in a circular surgical stapler at-
tachment250, such as that shown schematically in cross-
section in Figure 9a, the circular surgical stapler attach-
ment 250 includes a coupling 260 adapted by size and
configuration to cooperate with the second coupling 26
of flexible shaft 20 to detachably attach the circular sur-
gical stapler attachment 250 thereto. Circular surgical
stapler attachment 250 includes an anvil portion 254 hav-
ing an anvil 256 mounted on the distal end of an anvil
stem 258. The anvil stem 258 is extended and retracted
by the operation of an anvil drive shaft 262, which is ro-
tatably secured within the body portion 252 of the circular
surgical stapler attachment 250. A proximal end of the
anvil drive shaft 262 includes afirst connector 268 adapt-
ed by size and configuration to couple with the first con-
nector 66 of second coupling 26. Circular surgical stapler
attachment 250 further includes a staple driver/cutter 264
driven by the rotation of a staple driver/cutter drive shaft
266. The proximal end of the staple driver/cutter drive
shaft 266 includes a second connector 270, which is
adapted by size and configuration to couple with the sec-
ond connector 68 of second coupling 26.

[0031] The extension and retraction of the anvil 256 is
effected by the operation of the first motor 76, and the
extension and retraction of the staple driver/cutter 264 is
effected by the operation of the second motor 80. The
pitch of the anvil drive shaft 262 and the pitch of the sta-
pler driver/cutter drive shaft 266 are predetermined and
known quantities. That is, the advancement distance of
the anvil 256 and the staple driver/cutter 264 are func-
tions of, and ascertainable on the basis of, the rotation
of the respective drive shaft 30, 32. By ascertaining an
absolute position of the anvil 256 and the staple driver/
cutter 264 at a point in time, the relative displacement of
the anvil 256 and staple driver/cutter 264, based on the
output signal from the encoders 106, 108 and the known
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pitches of the anvil drive shaft 262 and staple driver/cutter
drive shaft 266, may be used to ascertain the absolute
position of the anvil 256 and staple driver/cutter 264 at
all times thereafter. The absolute position of the anvil 256
and staple driver/cutter 264 may be fixed and ascertained
at the time that the circular surgical stapler attachment
250 is first coupled to the flexible shaft 20. Alternatively,
the position of the anvil 256 and the staple driver/cutter
264 relative to, for example, the body portion 252 may
be determined based on the output signal from the en-
coders 106, 108.

[0032] Circular surgical stapler attachment 250 further
includes a data connector 272 adapted by size and con-
figuration to electrically and logically connect to connec-
tor 70 of second coupling 26. In the example embodi-
ment, data connector 272 includes contacts (not shown)
equal in number to the number of leads 72 of connector
70. Contained within the circular surgical stapler attach-
ment 250 is a memory unit 174 electrically and logically
connected with the data connector 272. Memory unit 174
may be in the form of, for example, an EEPROM,
EPROM, etc. and may be contained, for example, within
the body portion 252 of circular surgical stapler attach-
ment 250.

[0033] Figure 9b is a schematic cross-sectional view
of a second example embodiment of a circular surgical
stapler attachment 2250. The circular surgical stapler at-
tachment 2250 includes a coupling 2260 adapted by size
and configuration to cooperate with the second coupling
26 of flexible shaft 20 to detachably attach the circular
surgical stapler attachment 2250 thereto. Circular surgi-
cal stapler attachment 2250 includes an anvil portion
2254 having an anvil 2256 mounted on the distal end of
an anvil stem 2258. The anvil stem 2258 may be detach-
ably secured to a trocar 2274. The anvil stem 2258 is
extended and retracted by the operation of an anvil drive
shaft 2262, which is rotatably secured within the body
portion 2252 of the circular surgical stapler attachment
2250. The anvil drive shaft 2262 may be externally
threaded, and the trocar 2274 may be internally threaded
at the proximal end 2276 thereof so that rotation of the
anvil drive shaft 2262 causes the extension and retraction
of the anvil stem 2262. A proximal end of the anvil drive
shaft 2262 includes a first connector 2268 adapted by
size and configuration to couple with the first connector
66 of second coupling 26. Circular surgical stapler at-
tachment 2250 further includes a staple driver/cutter
2264, which is driven by the rotation of a staple driver/
cutter drive shaft 2266. The proximal end of the staple
driver/cutter drive shaft 2266 includes a second connec-
tor 2270, which is adapted by size and configuration to
couple with the second connector 68 of the second cou-
pling 26. A gearing arrangement 2278 is disposed be-
tween the staple driver/cutter drive shaft 2266 and the
staple driver/cutter 2264. The gearing arrangement 2278
may include, for example, a planetary gear arrangement,
a harmonic gear arrangement, cycloidal drive arrange-
ment, an epicyclic gear arrangement, etc., which is con-
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figured to convert the high-speed/low-torque transmitted
by the second rotating drive shaft 32 to low-speed/high-
torque for ejecting and forming the staples, as more fully
described herein. Figure 9c is an exploded view of the
gearing arrangement 2278, which includes a planetary
gear arrangement, namely four sets of planetary gears
2280a, 2280b, 2280c, 2280d. The operation of the sec-
ond example embodiment of the circular surgical stapler
attachment 2250 is similar to the operation of the first
example embodiment of the circular surgical stapler at-
tachment 250 as more fully set forth above.

[0034] Figure 10 schematically illustrates the memory
unit 174. As seen in Figure 10, data connector 272 in-
cludes contacts 276, each electrically and logically con-
nected to memory unit 174 via a respective line 278.
Memory unit 174 is configured to store, for example, a
serial number data 180, an attachment type identifier (ID)
data 182 and a usage data 184. Memory unit 174 may
additionally store other data. Both the serial number data
180 and the ID data 182 may be configured as read-only
data. In the example embodiment, serial number data
180 is data uniquely identifying the particular surgical in-
strument or attachment, whereas the ID data 182 is data
identifying the type of the attachment, such as, for exam-
ple, a circular surgical stapler attachment, a linear surgi-
cal stapler attachment, etc. The usage data 184 repre-
sents usage of the particular attachment, such as, for
example, the number of times the anvil 256 of the circular
surgical stapler attachment 250 has been advanced or
the number of times that the staple driver/cutter 264 of
the circular surgical stapler attachment 250 has been ad-
vanced or fired.

[0035] It should be appreciated that each type of sur-
gical instrument or attachment attachable to the distal
end 24 of the flexible shaft 20 may be designed and con-
figured to be used a single time or multiple times. The
surgical instrument or attachment may also be designed
and configured to be used a predetermined number of
times. Accordingly, the usage data 184 may be used to
determine whether the surgical instrument or attachment
has been used and whether the number of uses has ex-
ceeded the maximum number of permitted uses. As more
fully described below, an attempt to use a surgical instru-
ment or attachment after the maximum number of per-
mitted uses has been reached will generate an ERROR
condition.

[0036] It should be appreciated that the circular surgi-
cal stapler attachment 250 illustrated in Figure 9a is in-
tended to be merely an example of a surgical attachment
used in conjunction with the electro-mechanical surgical
device 10. It should be further appreciated that any other
type of surgical instrument or attachment, such as those
enumerated hereinabove, may be used in conjunction
with the electro-mechanical surgical device 10. Regard-
less of the particular type of surgical instrument or at-
tachment, in the example the surgical instrument or at-
tachment includes the coupling elements 268, 270, 272,
as necessary for proper operation of the surgical instru-
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ment or attachment, as well as the memory unit 174.
Although the drive shafts and motors are described here-
in as effecting particular functions of the circular surgical
stapler attachment 250, it should be appreciated that the
drive shafts and motors may effect the same or other
functions of other types of surgical instruments or attach-
ments.

[0037] Referring again to Figure 7, in accordance with
the example, the controller 122 is configured to read the
ID data 182 from the memory unit 174 of the surgical
instrument or attachment when the surgical instrument
or attachment is initially connected to the flexible shaft
20, and the controller 122 is configured to read the ID
data 880 from the memory unit 850 of the PCB 635 of
the second coupling 26. The memory units 174, 850 may
be electrically and logically connected in parallel to the
controller 122 via line 120 of data transfer cable 38 or,
alternatively, may be connected to the controller 122 via
respective dedicated lines.

[0038] Basedontheread usage data 870 oftheflexible
shaft 20, the controller 122 may prevent the surgical de-
vice 10 from driving the flexible shaft 20. As described
above, a particular flexible shaft 20 may be designed and
configured to be used a single time, multiple times, or a
predetermined number of times. Accordingly, the usage
data 870 may be read by the controller 122 to determine
whether the flexible shaft 20 has been used and whether
the number of uses has exceeded a maximum number
of permitted uses. If the maximum number of uses has
been exceeded, the controller 122 may prevent subse-
quent attempts to use the flexible shaft 20.

[0039] Additionally, the controller 122 may write the
usage data 870 to the memory unit 850 of the flexible
shaft 20. The written usage data 870 may include infor-
mation relating to, for example, a number of revolutions
of one or both rotatable drive shafts 30, 32, a umber of
uses of one or both rotatable drive shafts 30, 32, anumber
of firings of one or both rotatable drive shafts 30, 32,
and/or the number of times the flexible shaft 20 has been
used, etc. It should be appreciated that the written usage
data 870 may include information in any form suitable to
indicate a change in any condition of the flexible shaft 20
that may relate, for example, to usage.

[0040] Based on the read ID data 182, the controller
122 is configured to read or select from the memory unit
130, an operating program or algorithm corresponding
to the type of surgical instrument or attachment connect-
ed to the flexible shaft 20. The memory unit 130 is con-
figured to store the operating programs or algorithms for
each available type of surgical instrument or attachment,
the controller 122 selecting and/or reading the operating
program or algorithm from the memory unit 130 in ac-
cordance with the ID data 182 read from the memory unit
174 of an attached surgical instrument or attachment. As
indicated above, the memory unit 130 may include a re-
movable ROM component 132 and/or RAM component
134. Thus, the operating programs or algorithms stored
in the memory unit 130 may be updated, added, deleted,
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improved or otherwise revised as necessary. The oper-
ating programs or algorithms stored in the memory unit
130 may be customizable based on, for example, spe-
cialized needs of the user. A data entry device, such as,
for example, a keyboard, a mouse, a pointing device, a
touch screen, etc., may be connected to the memory unit
130 via, for example, a data connector port, to facilitate
the customization of the operating programs or algo-
rithms. Alternatively or additionally, the operating pro-
grams or algorithms may be customized and prepro-
gramed into the memory unit 130 remotely from the elec-
tro-mechanical surgical device 10. It should be appreci-
ated that the serial number data 180 and/or usage data
184 may also be used to determine which of a plurality
of operating programs or algorithms is read or selected
from the memory unit 130. It should be appreciated that
the operating program or algorithm may alternatively be
stored in the memory unit 174 of the surgical instrument
or attachment and transferred to the controller 122 via
the data transfer cable 38. Once the appropriate operat-
ing program or algorithm is read or selected by, or trans-
mitted to, the controller 122, the controller 122 causes
the operating program or algorithm to be executed in ac-
cordance with operations performed by the user via the
wired RCU 150 and/or the wireless RCU 148. As indicat-
ed hereinabove, the controller 122 is electrically and log-
ically connected with the first, second, third, fourth and
fifth motors 76, 80, 84, 90, 96 via respective lines 116,
118, 124, 126, 128 and controls such motors 76, 80, 84,
90, 96 in accordance with the read, selected or transmit-
ted operating program or algorithm via the respective
lines 116, 118, 124, 126, 128.

[0041] Referringnowto Figure 11,thereis seenasche-
matic view of wireless RCU 148. Wireless 148 includes
a steering controller 300 having a plurality of switches
302, 304, 306, 308 arranged under a four-way rocker
310. The operation of switches 302, 304, via rocker 310,
controls the operation of first and second steering cables
34, 35 via third motor 84. Similarly, the operation of
switches 306, 308, viarocker 310, controls the operation
of third and fourth steering cables 36, 37 via fourth motor
92. It should be appreciated that rocker 310 and switches
302, 304, 306, 308 are arranged so that the operation of
switches 302, 304 steers the flexible shaft 20 in the north-
south direction and that the operation of switches 306,
308 steers the flexible shaft 20 in the east-west direction.
Reference herein to north, south, east and west is made
to a relative coordinate system. Alternatively, a digital
joystick, analog joystick, etc. may be provided in place
of rocker 310 and switches 302, 304, 306, 308. Potenti-
ometers or any other type of actuator may also be used
in place of switches 302, 304, 306, 308.

[0042] Wireless RCU 148 further includes a steering
engage/disengage switch 312, the operation of which
controls the operation of fifth motor 96 to selectively en-
gage and disengage the steering mechanism. Wireless
RCU 148 also includes a two-way rocker 314 having first
and second switches 316, 318 operable thereby. The
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operation of these switches 316, 318 controls certain
functions of the electro-mechanical surgical device 10
and any surgical instrument or attachment attached to
the flexible shaft 20 in accordance with the operating pro-
gram or algorithm corresponding to the attached surgical
instrument or attachment, if any. For example, where the
surgical instrument is a circular surgical stapler attach-
ment 250, such as that shown in Figure 9a and described
hereinabove, operation of the two-way rocker 314 may
control the advancement and retraction of the anvil 256.
Wireless RCU 148 is provided with yet another switch
320, the operation of which may further control the op-
eration of the electro-mechanical surgical device 10 and
any surgical instrument or attachment attached to the
flexible shaft 20 in accordance with the operating pro-
gram or algorithm corresponding to the attached surgical
instrument or attachment, if any. For example, when the
circular surgical stapler attachment 250 is attached to
the flexible shaft 20, operation of the switch 320 initiates
the advancement, or firing sequence, of the staple driver/
cutter 264.

[0043] Wireless RCU 148 includes a controller 322,
which is electrically and logically connected with the
switches 302, 304, 306, 308 via line 324, with the switch-
es 316, 318 via line 326, with switch 312 via line 328 and
with switch 320 via line 330. Wireless RCU 148 may in-
clude indicators 18a’, 18b’, corresponding to the indica-
tors 18a, 18b of front panel 15, and a display device 16,
corresponding to the display device 16 of the front panel
15. If provided, the indicators 18a’, 18b’ are electrically
and logically connected to controller 322 via respective
lines 332, 334, and the display device 16’ is electrically
and logically connected to controller 322 via line 336.
Controller 322 is electrically and logically connected to a
transceiver 338 via line 340, and transceiver 338 is elec-
trically and logically connected to a receiver/transmitter
342 vialine 344. A power supply, not shown, for example,
a battery, may be provided in wireless RCU 148 to power
the same. Thus, the wireless RCU 148 may be used to
control the operation of the electro-mechanical surgical
device 10 and any surgical instrument or attachment at-
tached to the flexible shaft 20 via wireless link 160.
[0044] Wireless RCU 148 may include a switch 346
connected to controller 322 via line 348. Operation of
switch 346 transmits a data signal to the transmitter/re-
ceiver 146 via wireless link 160. The data signal includes
identification data uniquely identifying the wireless RCU
148. This identification data is used by the controller 122
to prevent unauthorized operation of the electro-mechan-
ical surgical device 10 and to prevent interference with
the operation of the electro-mechanical surgical device
10 by another wireless RCU. Each subsequent commu-
nication between the wireless RCU 148 and the electro-
mechanical device surgical 10 may include the identifi-
cation data. Thus, the controller 122 can discriminate be-
tween wireless RCUs and thereby allow only a single,
identifiable wireless RCU 148 to control the operation of
the electro-mechanical surgical device 10 and any sur-
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gical instrument or attachment attached to the flexible
shaft 20.

[0045] Based on the positions of the components of
the surgical instrument or attachment attached to the flex-
ible shaft 20, as determined in accordance with the output
signals from the encoders 106, 108, the controller 122
may selectively enable or disable the functions of the
electro-mechanical surgical device 10 as defined by the
operating program or algorithm corresponding to the at-
tached surgical instrument or attachment. For example,
where the surgical instrument or attachment is the circu-
lar surgical stapler attachment 250 illustrated in Figure
9a, the firing function controlled by the operation of the
switch 320 is disabled unless the space or gap between
the anvil 256 and the body portion 252 is determined to
be within an acceptable range. The space or gap between
the anvil 256 and the body portion 252 is determined
based on the output signal from the encoders 106, 108,
as more fully described hereinabove. It should be appre-
ciated that the switch 320 itself remains operable but that
the controller 122 does not effect the corresponding func-
tion unless the space or gap is determined to be within
the acceptable range.

[0046] Referringnowto Figure 12,thereis seenasche-
matic view of a wired RCU 150. In the example embod-
iment, wired RCU 150 includes substantially the same
control elements as the wireless RCU 148 and further
description of such elements is omitted. Like elements
are noted in Figure 12 with an accompanying prime. It
should be appreciated that the functions of the electro-
mechanical surgical device 10 and any surgical instru-
ment or attachment attached to the flexible shaft 20 may
be controlled by the wired RCU 150 and/or by the wireless
RCU 148. In the event of a battery failure, for example,
in the wireless RCU 148, the wired RCU 150 may be
used to control the functions of the electro-mechanical
surgical device 10 and any surgical instrument or attach-
ment attached to the flexible shaft 20.

[0047] As described hereinabove, the front panel 15
of housing 14 includes display device 16 and indicators
18a, 18b. The display device 16 may include an alpha-
numeric display device, such as an LCD display device.
Display device 16 may also include an audio output de-
vice, such as a speaker, a buzzer, etc. The display device
16 is operated and controlled by controller 122 in accord-
ance with the operating program or algorithm corre-
sponding to a surgical instrument or attachment, if any,
attached to the flexible shaft 20. If no surgical instrument
orattachmentis so attached, a default operating program
or algorithm may be read or selected by, or transmitted
to, controller 122 to thereby control the operation of the
display device 16 as well as the other aspects and func-
tions of the electro-mechanical surgical device 10. If the
circular surgical stapler attachment 250 illustrated in Fig-
ure 9a is attached to flexible shaft 20, display device 16
may display, for example, data indicative of the gap be-
tween the anvil 256 and the body portion 252 as deter-
mined in accordance with the output signal of encoders
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106, 108, as more fully described hereinabove.

[0048] Similarly, the indicators 18a, 18b are operated
and controlled by controller 122 in accordance with the
operating program or algorithm corresponding to the sur-
gical instrument or attachment, if any, attached to the
flexible shaft 20. Indicator 18a and/or indicator 18b may
include an audio output device, such as a speaker, a
buzzer, etc., and/or a visual indicator device, such as an
LED, a lamp, a light, etc. If the circular surgical stapler
attachment 250 illustrated in Figure 9a is attached to the
flexible shaft 20, indicator 18a may indicate, for example,
thatthe electro-mechanical surgical device 10isin a pow-
er ON state, and indicator 18b may, for example, indicate
whether the gap between the anvil 256 and the body
portion 252 is determined to be within the acceptable
range as more fully described hereinabove. It should be
appreciated that although only two indicators 18a, 18b
are described, any number of additional indicators may
be provided as necessary. Additionally, it should be ap-
preciated that although a single display device 16 is de-
scribed, any number of additional display devices may
be provided as necessary.

[0049] The display device 16’ and indicators 18a’, 18b’
of wireless RCU 150 and the display device 16" and in-
dicators 18a", 18b" of wired RCU 148 are similarly oper-
ated and controlled by respective controller 322, 322’ in
accordance with the operating program or algorithm cor-
responding to the surgical instrument or attachment, if
any, attached to the flexible shaft 20.

[0050] Referring now to Figure 13, there is seen a flow-
chart of a first example embodiment of a main operating
program. The main operating program begins at step
1000 and proceeds to step 1002, during which the elec-
tro-mechanical surgical device 10is initialized. Step 1002
may include initialization steps, such as memory popu-
lation and initialization, diagnostic self-testing, etc. After
initialization step 1002, it is determined in step 1004
whether a surgical instrument or attachment ("DLU") is
present -- that is, installed on the distal end 24 of flexible
shaft 20. If it is determined in step 1004 that no DLU is
present, control is transferred to loop 1034. If it is deter-
mined that a DLU is present, the operating program pro-
ceeds to step 1006, in which itis determined whether the
FIRE key is pressed. FIRE key, in this context, refers to
one of the switches of the wireless RCU 148 and/or wired
RCU 150. More particularly, the FIRE key may corre-
spond to switch 320 of wireless RCU 148 and/or switch
320’ of wired RCU 150. If it is determined in step 1006
that FIRE key is pressed, control is transferred to routine
A in step 1008. Routine A is specific to the DLU, if any,
attached to the flexible shaft 20. Routine A is more fully
described hereinbelow and in Figures 14a to 14d. After
the execution of routine A in step 1008, control is trans-
ferred to loop 1034.

[0051] Ifitis determinedin step 1006 that the FIRE key
is not pressed, it is determined in step 1010 whether the
CLAMP key is pressed. In this context, the CLAMP key
refers to one of the switches of the wireless RCU 148
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and/or wired RCU 150. More particularly, CLAMP switch
may correspond to, for example, switch 316 of wireless
RCU 148 and/or to switch 316’ of wired RCU 150. Ifitis
determined in step 1010 that CLAMP key is pressed,
control is transferred to routine B in step 1012. Routine
B is specific to the DLU, if any, attached to the flexible
shaft 20. Routine B is more fully described hereinbelow
andin Figures 15a and 15b. After the execution of routine
B in step 1012, control is transferred to loop 1034.
[0052] Ifitis determined in step 1010 that the CLAMP
key is not pressed, it is determined in step 1014 whether
the UNCLAMP key is pressed. In this context, the UN-
CLAMP key refers to one of the switches of the wireless
RCU 148 and/or wired RCU 150. More particularly, the
UNCLAMP switch may correspond to, for example,
switch 318 of wireless RCU 148 and/or to switch 318’ of
wired RCU 150. If it is determined in step 1014 that UN-
CLAMP key is pressed, control is transferred to routine
C in step 1016. Routine C is specific to the DLU, if any,
attached to the flexible shaft 20. Routine C is more fully
described hereinbelow and in Figure 16. After the exe-
cution of routine C in step 1016, control is transferred to
loop 1034.

[0053] If it is determined in step 1014 that the UN-
CLAMP key is not pressed, it is determined in step 1018
whether one or more of STEERING keys are pressed.
In this context, the STEERING keys refer to respective
switches of the wireless RCU 148 and/or wired RCU 150.
More particularly, the STEERING keys may correspond
to switches 302, 304, 306, 308 of wireless RCU 148
and/or switches 302’, 304’, 306’, 308’ of wired RCU 150.
If it is determined in step 1018 that one or more STEER-
ING keys are pressed, operation of respective steering
motor(s) is performed in step 1020. The steering motors
may correspond to third motor 84 and fourth motor 92 as
more fully set forth above. After the execution of step
1020, control is transferred to loop 1034.

[0054] Ifitis determined in step 1018 that none of the
STEERING keys is pressed, it is determined in step 1022
whether the DISENGAGE key is pressed. In this context,
the DISENGAGE key refers to one of the switches of
wireless RCU 148 and/or wired RCU 150. More particu-
larly, DISENGAGE key may correspond to switch 312 of
wireless RCU 148 and/or switch 312’ of wired RCU 150.
If it is determined in step 1022 that the DISENGAGE key
is pressed, a disengage operation is performed in step
1024. After the execution of step 1024, control is trans-
ferred to loop 1034.

[0055] [fitisdeterminedinstep 1022that DISENGAGE
key is not pressed, an IDLE routine is performed in step
1026.

[0056] In step 1028, it is determined whether to end
the operation of the main operating program. If it is de-
termined in step 1028 to not end the operation of the
main operating program, control is transferred to loop
1034. If, however, it is determined in step 1028 to end or
terminate the operation of the main operating program,
a shutdown routine is executed in step 1030, and the
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main operating program is thereafter terminated in step
1032.

[0057] Itshould be appreciated that the main operating
program may determine which, if any, key is pressed in
the order illustrated in Figure 13 or in any other appro-
priate order. It should also be appreciated that the main
operating program illustrated in Figure 13, as well as the
routines illustrated in Figures 14a to 14d, 15a, 15b and
16, may be embodied, for example, in a messaging-
based, event-driven and/or polling-type software appli-
cation.

[0058] Referring now to Figures 14a to 14d, there is
seen a flowchart of a first example embodiment of a fire
routine specific to a circular surgical stapler attachment
250, such as that illustrated in Figure 9a, or 2250, such
as that illustrated in Figures 9b and 9c. It should be ap-
preciated that the fire routine illustrated in Figures 14a
to 14d represents the routine A of step 1008 of the main
operating program illustrated in Figure 13 and that the
firing routine illustrated in Figures 14a to 14d is specific
to a circular surgical stapler attachment 250, such as that
illustrated in Figure 9a, or 2250, such as that illustrated
in Figures 9b and 9c. It should be further appreciated that
other surgical instruments or attachments, such as those
enumerated above, may have other firing routines asso-
ciated therewith.

[0059] Proceeding from step 1008, it is determined in
step 1100 whether the DLU -- the circular surgical stapler
attachment 250 -- has been fully opened. This determi-
nation may be made based on the signals generated by
the encoders 106, 108, as more fully described above.
If it is determined in step 1100 that the DLU has not been
fully opened, an ERROR condition is determined in step
1102 in that the DLU is not ready for firing. Control is then
transferred to step 1120, wherein control returns to the
main operating program illustrated in Figure 13.

[0060] Ifitis determined in step 1100 thatthe DLU has
been fully opened, it is determined in step 1104 whether
the DLU has been fully clamped. This determination may
be made based on the signals generated by the encoders
106, 108, as more fully described above. If it is deter-
mined in step 1104 that the DLU has not been fully
clamped, an ERROR condition is determined in step
1106 in that the DLU is not within an acceptable range
forfiring. Control is then transferred to step 1120, wherein
control returns to the main operating program illustrated
in Figure 13.

[0061] I[fitis determined in step 1104 thatthe DLU has
been fully clamped, it is determined in step 1108 whether
the DLU has been previously fired. This determination
may be made based on the signals generated by the
encoders 106, 108 and/or in accordance with usage data
184. If it is determined in step 1108 that the DLU has
been previously fired, an ERROR condition is determined
in step 1110 in that the DLU has been used. Control is
then transferred to step 1120, wherein control returns to
the main operating program illustrated in Figure 13. It
should be appreciated that a similar usage determination
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may be made in the main operating program illustrated
in Figure 13, for example, in the initialization step 1002
or in the DLU presence determining step 1004, as an
alternative or in addition to the determining step 1108.
[0062] I[fitis determined in step 1108 thatthe DLU has
not been previously fired, a usage count is decremented
in step 1112. The usage count may be stored in usage
data 184 as more fully described hereinabove. Several
attempts at decrementing the usage count may be made
in step 1112. However, a failure to decrement the usage
count may nevertheless occur. In step 1114, it is deter-
mined whether the usage count decrementing step 1112
has failed. If it is determined in step 1114 that the dec-
rementing of usage count failed, a ERROR condition is
determined in step 1116. Thereafter, in step 1118, a wait
loop is executed until all keys of the wireless RCU 148
and/or wired RCU 150 have been released. After it is
determined in step 1118 thatallkeys have beenreleased,
control is transferred to step 1120. Thereafter, control
returns to the main operating programiillustrated in Figure
13.

[0063] If it is determined in step 1114 that the usage
count decrementing did not fail, the firing motor current
limit is set in step 1122. In this context, the firing motor
may correspond to the second motor 80 as more fully
described hereinabove. The firing motor is then started
in step 1124 to begin the advancement of the staple driv-
er/cutter 264.

[0064] Referring now to Figure 14b, a timer is set in
step 1126. Itis thereafter determined in step 1128 wheth-
er the time elapsed for the firing operation has exceeded
apredetermined threshold. Ifitis determined in step 1128
that the firing time limit has been exceeded, the firing
motor is disabled in step 1130, and an ERROR condition
is determinedin step 1132. Control then proceeds to step
1136. If, however, it is determined in step 1128 that the
firing time has not exceeded the predeterminedfiring time
limit, it is determined in step 1134 whether a hardware
current limit has been exceeded. The hardware current
limit relates to the resistance of the firing motor to con-
tinued operation. A condition that the hardware current
limit has been exceeded is indicative that the stapling
operation has been successfully completed. Ifitis deter-
mined in step 1134 that the hardware current limit has
not been exceeded, the operation of firing motor is con-
tinued until either the predetermined firing time limit has
been exceeded or the hardware current limit has been
exceeded. In either instance control proceeds thereafter
to step 1136.

[0065] Step 1136 represents a waiting step, during
which a predetermined wait time is permitted to elapse.
This wait time permits the driving and driven elements of
electro-mechanical surgical device 10 and circular sur-
gical stapler attachment 250 to come to rest before pro-
ceeding to step 1138, in which step the firing motor is
stopped.

[0066] After the firing motor is stopped in step 1138,
the motor current limit is set to full scale in step 1140,
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and then the firing motor is started in step 1142 in a re-
verse direction to retract the staple driver/cutter 264 and
return the same to its initial position. Then, once the gap
between the anvil 256 and the body portion 252 has ex-
ceeded the acceptable range, the indicator 18a, 18b cor-
responding to an IN-RANGE indicatoris turned off in step
1144. Alternatively, the IN-RANGE indicator may be
turned off in step 1144 upon the start of the reversal of
the motor in step 1142. After the IN-RANGE indicator is
turned off in step 1144, the timer is reset in step 1146.
[0067] Referring now to Figure 14c, it is determined in
step 1148 whether a predetermined time limit for com-
pleting the retraction of the staple driver/cutter 264,
based on the timer reset in step 1146, has been exceed-
ed. Ifitis determined in step 1148 that the predetermined
time limit has been exceeded, an ERROR condition is
determined in step 1150 in that the retraction operation
failed to be completed within the permissible predeter-
mined time limit. If, however, itis determined in step 1148
that the predetermined time limit has not been exceeded,
it is determined in step 1152 whether retraction of the
staple driver/cutter 264 has been completed. If it is de-
termined in step 1152 that the retraction of the staple
driver/cutter 264 has not been completed, control returns
to step 1148. Retraction of staple driver/cutter 264 con-
tinues until either the predetermined time limit has been
exceeded as determined in step 1148 or the retraction
has been completed as determinedin step 1152. It should
be appreciated that the determination made in step 1152
may be based on the signals generated by the encoders
106, 108. Afteritis determined that the retraction of staple
driver/cutter 264 has been completed (step 1152) or that
the predetermined time limit has been exceeded (step
1148), the unclamp motor current limit is set of full scale
in step 1154. In this context, the unclamp motor may cor-
respond to first motor 76 as more fully described herein-
above.

[0068] Instep 1156, the halfway point between the cur-
rent position of the anvil 256 and the final, unclamped
position of the anvil 256 is calculated. A "phantom" des-
tination position is set in step 1158 to a predetermined
setpoint plus a predetermined bias value to ensure that
the unclamp motor achieves its maximum, or full, current
to thereby ensure the maximum torque output from the
unclamp motor. In step 1160, the movement of the un-
clamp motor is initiated. In step 1162, the timer is set,
and in step 1164 a destination flag is cleared.

[0069] Referring now to Figure 14d, it is determined in
step 1166 whether the anvil 256 has passed the halfway
point determined in step 1156. If it is determined in step
1166 that the anvil 256 has passed the halfway point
determined in step 1156, the "true" final destination po-
sition for the anvil 256 is set in step 1170, thereby super-
ceding the "phantom” final destination set in step 1158.
Control is then transferred to step 1174. If, however, it is
determined in step 1166 that the position of the anvil 256
is not past the halfway point determined in step 1156,
control is directly transferred to step 1174, bypassing the



23 EP 2 428 165 B1 24

destination resetting step 1170.

[0070] Instep 1174, itis determined whether the anvil
256 has reached the "true" final destination set in step
1170. It should be appreciated that the position of the
anvil 256 may be determined in accordance with the sig-
nals output by encoders 106, 108 as more fully described
hereinabove. If it is determined in step 1174 that anvil
256 has reached its "true" final destination set in step
1170, control is transferred to step 1180, described be-
low. If, however, it is determined in step 1174 that the
"true" final destination of the anvil 256 has not been
reached, it is determined in step 1176, with reference to
the timer reset in step 1162, whether a predetermined
time limit has been exceeded. If it is determined in step
1176 that the predetermined time limit has not been ex-
ceeded, controlis returned to step 1166, and the unclamp
motor continues its operation to further unclamp the anvil
256. If, however, it is determined in step 1176 that the
predetermined time limit has been exceeded, and ER-
ROR condition is determined in step 1178 in that the anvil
256 could be moved into its "true" final destination within
the predetermined time limit. Control is thereafter trans-
ferred to step 1180, in which the steering mechanism is
disengaged. In the example embodiment of electro-me-
chanical surgical device 10 described above, the steering
mechanism may include the fifth motor 96 and/or carriage
100 as more fully described hereinabove. After the steer-
ing mechanism has been disengaged in step 1180, a wait
loop is executed in step 1182 until all keys of wireless
RCU 148 and/or wired RCU 150 have been released.
Once all of the keys have been released, control returns
in step 1184 to the main operating program illustrated in
Figure 13.

[0071] Referring now to Figures 15a and 15b, there is
seen a flowchart of a first example embodiment of a
clamp routine specific to a circular surgical stapler at-
tachment 250, such as that illustrated in Figure 9a, or
2250, such as that illustrated in Figures 9b and 9c. It
should be appreciated that the clamp routine illustrated
in Figures 15a and 15b represents the routine B of step
1012 of the main operating program illustrated in Figure
13 and that the clamp routine illustrated in Figures 15a
and 15b is specific to a circular surgical stapler attach-
ment 250, such as that illustrated in Figure 9a, or 2250,
such as that illustrated in Figures 9b and 9c. It should be
further appreciated that other surgical instruments or at-
tachments, such as those enumerated above, may have
other clamping routines associated therewith.

[0072] Proceeding from step 1012, it is determined in
step 1200 whether a DLU open flag is set. If it is deter-
mined in step 1200 that the DLU open flag is not set, an
ERROR condition is determined in step 1202 in that the
DLU is not ready to clamp. A wait loop is executed there-
after in step 1204, and once all keys of wireless RCU 148
and/or wired RCU 150 have been released, control re-
turns in step 1206 to the main operating program illus-
trated in Figure 13.

[0073] If, however, it is determined in step 1200 that
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the DLU open flag is set, it is determined in step 1208
whether the gap between the anvil 256 and the body
portion 252 is greater than a predetermined threshold
G4, such as, for example, 5.0 mm. This determination
may be made based on the signals generated by the
encoders 106, 108, as more fully described above. If it
determined that the gap between the anvil 256 and the
body portion 252 is less than the predetermined threshold
G4, control proceeds to step 1220. If, however, it is de-
termined in step 1208 that the gap between the anvil 256
and the body portion 252 is greater than the predeter-
mined threshold G, control proceeds to step 1210 in
which a CLAMP motor speed and torque limit are set to
the respective maximum values. In this context, the
CLAMP motor may correspond to first motor 76 as more
fully described hereinabove. A timer is resetin step 1212,
and the control loop of steps 1214 and 1218 is executed
until either a predetermined time period for reaching a
gap of less than the predetermined threshold G, is ex-
ceeded or the gap is determined to be less than the pre-
determined threshold G;. If it is determined in step 1214
that the predetermined time period has been exceeded,
an ERROR condition is determined in step 1216 in that
the clamp operation is considered to have failed. After
step 1216 is performed, step 1204 is performed, in which
a wait loop is executed until all keys of wireless RCU 148
and/or wired RCU 150 have been released. Thereafter,
control returns in step 1206 to the main operating pro-
gram illustrated in Figure 13.

[0074] Ifitis determined in step 1214 that the prede-
termined time period has not been exceeded, it is deter-
mined in step 1218 whether the movement of the anvil
256 to a location in which the gap between the anvil 256
and the body portion 252 is less than the predetermined
threshold G, has been completed. If it is determined in
step 1218 that this move has not been completed, the
operation of CLAMP motor is continued, and control re-
turns to step 1214. If however, it is determined in step
1218 that the move is complete, control proceeds to step
1220.

[0075] Instep 1220, a speed lower than the maximum
speed set in step 1210 is set for the CLAMP motor and
a torque limit lower than the torque limit set in step 1210
is set for the CLAMP motor. Thereafter, in step 1222, a
position bias is set to ensure that the CLAMP motor out-
puts full torque when the gap between the anvil 256 and
the body portion 252 approaches the bias value. The bias
value may be, for example, approximately 1.0 mm to en-
sure full torque output from the CLAMP motor when the
gap is approximately equal to 1.0 mm.

[0076] Referring now to Figure 15b, control proceeds
to step 1224, in which a timer is reset. In step 1226, the
value of the current gap between the anvil 256 and the
body portion 252 is displayed on the display device 16.
In step 1228, it is determined whether the gap between
the anvil 256 and the body portion 252 is less than a
predetermined threshold G,. This determination may be
made based on the signals generated by the encoders
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106, 108, as more fully described above. The predeter-
mined threshold G, may be, for example, 2.0 mm. If the
gap between the anvil 256 and the body portion 252 is
determined in step 1228 to be less than the predeter-
mined threshold G,, control proceeds to step 1230, in
which an IN-RANGE indicator is activated and a DLU
ready flag is set. The IN-RANGE indicator may corre-
spond to one of the indicators 18a, 18b, either one or
both of which may be, for example, LED elements or
other audio or visual indicators. If it is determined in step
1228 that the gap between the anvil 256 and the body
portion 252 is not less than the predetermined threshold
G,, control proceeds to step 1232, in which it is deter-
mined whether the gap between the anvil 256 and the
body portion is less than or equal to another predeter-
mined threshold Gj. This determination may be made
based on the signals generated by the encoders 106,
108, as more fully described above. The predetermined
threshold G; may be, for example, 1.0 mm. If it is deter-
mined in step 1232 that the gap between the anvil 256
and the body portion 252 is less than or equal to the
predetermined threshold Gj, control proceeds to step
1238, described below. However, if it is determined in
step 1232 that the gap between the anvil 256 and the
body portion 252 is greater than the predetermined
threshold G, it is determined in step 1234 whether the
current limit to the CLAMP motor has been reached for
a predetermined time limit. That the current limit to the
CLAMP motor has been reached for the predetermined
time limit is indicative that tissue is fully clamped between
the anvil 256 and the body portion 252. The predeter-
mined time limit may be, for example, 1.0 second. If it is
determined in step 1234 that the current limit to the
CLAMP motor has been reached for the predetermined
time limit, control proceeds to step 1238. If, however, it
is determined in step 1234 that the current limit to the
CLAMP motor has not been exceeded for the predeter-
mined time limit, it is determined in step 1236 whether
the CLAMP key has been released. If it is determined in
step 1236 that the CLAMP key has not been released,
control returns to step 1226. If it is determined in step
1236 that the CLAMP key has been released, control
proceeds to step 1238.

[0077] Instep 1238, the operation of the CLAMP motor
is stopped. Thereafter, in step 1240, a wait loop is exe-
cuted until all keys of wireless RCU 148 and/or wired
RCU 150 have been released. After all keys have been
released, control returns in step 1242 to the main oper-
ating program illustrated in Figure 13.

[0078] Referring now to Figure 16, there is seen a flow-
chart of a first example embodiment of an unclamp rou-
tine specific to a circular surgical stapler attachment 250,
such as thatillustrated in Figure 9a, or 2250, such as that
illustrated in Figures 9b and 9c. It should be appreciated
that the unclamp routine illustrated in Figure 16 repre-
sents the routine C of step 1016 of the main operating
program illustrated in Figure 13 and that the unclamp
routine illustrated in Figure 16 is specific to a circular
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surgical stapler attachment 250, such as that illustrated
in Figure 9a, or 2250, such as that illustrated in Figures
9b and 9c. It should be further appreciated that other
surgical instruments or attachments, such as those enu-
merated above, may have other unclamp routines asso-
ciated therewith.

[0079] Proceeding from step 1016, a torque limitfor an
UNCLAMP motor is set in step 1300 to its maximum val-
ue. The UNCLAMP motor may correspond to the CLAMP
motor as more fully described hereinabove. The UN-
CLAMP motor may also correspond to the first motor 76
as more fully described hereinabove.

[0080] Instep 1302, the destination position for the an-
vil 256 is set to a value representative of its fully un-
clamped position. The operation of the UNCLAMP motor
is initiated in step 1304. In step 1306, it is determined
whether the UNCLAMP key has been released. If it is
determined in step 1306 that the UNCLAMP key has
been released, control proceeds to step 1314. If it is de-
termined in step 1306 that the UNCLAMP key has not
been released, it is determined in step 1308 whether the
gap between the anvil 256 and the body portion 252 is
greater than or equal to a predetermined threshold G,
which is defined in accordance with the destination po-
sition set in step 1302. This determination may be made
based on the signals generated by the encoders 106,
108, as more fully described above. If it is determined in
step 1308 that the gap between the anvil 256 and the
body portion 252 is greater than or equal to the prede-
termined threshold G4, a DLU opened flag is set in step
1310. Control then proceeds to step 1312. If it is deter-
mined in step 1308 that the gap between the anvil 256
and the body portion 252 is less than the predetermined
threshold G, it is determined in step 1312 whether the
unclamp operation is complete. That is, whether the des-
tination position for the anvil 256 set in step 1302 has
been reached. If it is determined in step 1312 that the
movement of the anvil 256 is not complete, control returns
to step 1306. If it is determined in step 1312 that the
movement of the anvil 256 is complete, the operation of
the UNCLAMP motor is stopped in step 1314. Control
then returns in step 1316 to the main operating program
illustrated in Figure 13.

[0081] Figures 17a to 17d illustrate a flowchart of a
second example embodiment of a main operating pro-
gram for operating the electro-mechanical surgical de-
vice illustrated in Figure 1. Figures 18a and 18b illustrate
a flowchart of a self-test operating program for the elec-
tro-mechanical surgical device illustrated in Figure 1. Fig-
ures 19a to 19e illustrate a flowchart for a field test op-
erating program for the electro-mechanical surgical de-
vice illustrated in Figure 1. Figures 20a to 20c illustrate
a flowchart for a main operating program for operating
the circular surgical stapler attachment, such as that il-
lustrated in Figures 9ato 9c. Figures 21 ato 21 d illustrate
a flowchart of a second example embodiment of a fire
routine for a circular surgical stapler attachment, such as
that illustrated in Figures 9a to 9c. Figures 22a and 22b
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illustrate a flowchart of a second example embodiment
of a clamp routine for a circular surgical stapler attach-
ment, such as that illustrated in Figures 9a to 9c. Figures
23a and 23b illustrate a flowchart of a second example
embodiment of an unclamp routine for a circular surgical
stapler attachment, such as that illustrated in Figures 9a
to 9c. The operating programs illustrated in Figures 17a
to 23b are readily understood by those skilled in the art,
and a further description thereof is not included herein.
[0082] It should be understood that the operation of
the several motors and switch elements as described
above with respect to the circular surgical stapler attach-
ment 250, 2250 may be specific to the circular surgical
stapler attachment250,2250. The motor(s) and/or switch
(es) may perform other functions when other surgical in-
struments or attachments are attached to flexible shaft
20.

[0083] It should be appreciated that the surgical instru-
ment or attachment, such as, for example, the circular
surgical stapler attachment 250 illustrated in Figure 9a
orthe circular surgical stapler attachment 2250 illustrated
in Figure 9b, may be configured to be attached to the
flexible shaft 20 either extracorporally or intracorporally.
Intracorporal attachment of the surgical instrument or at-
tachmentmay resultin, for example, reduced trauma and
improved recovery time. For example, conventional lin-
ear cutter devices and linear stapler devices have been
used to perform functional end-to-end anastomosis pro-
cedures along the intestinal tract. Due to the length, small
diameter, flexibility and steerability of the flexible shaft
20, the flexible shaft 20, without any surgical instrument
or attachment attached thereto, may be entered into the
body, such as, for example, into to gastrointestinal tract
via the mouth or the rectum with minimal trauma. It should
be appreciated that the flexible shaft 20 may be entered
into the body via, for example, a natural orifice, an inci-
sion, a cannula, etc. The flexible shaft 20 may then be
further inserted into the body and steered, as more fully
set forth above, so that the distal end 24 of the flexible
shaft 20 is delivered to the treatment site, such as, for
example, along the intestinal tract. Then, after the distal
end 24 of the flexible shaft 20 has been delivered to the
treatment side, the surgical instrument or attachment is
attached to the flexible shaft 20 via the second coupling
26 in situ. The surgical instrument or attachment may be
inserted into the body for attachment to the flexible shaft
20 via a natural orifice, an incision, a cannula, etc. It
should be appreciated that the flexible shaft 20 may be
entered into the body via afirst orifice and that the surgical
instrument or attachment may be entered into the body
via a second orifice, the first orifice being the same as or
different than the second orifice.

[0084] With the surgical instrument or attachment so
attached to the flexible shaft 20, an end-to-end anasto-
mosis procedure, for example, may be performed and
the flexible shaft 20 with the surgical instrument or at-
tachment attached thereto may thereafter be withdrawn
from the body. It should be appreciated that the surgical
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instrument or attachment may be shaped and configured
to minimize trauma during withdrawal thereof. Further-
more, it should be appreciated that the flexible shaft 20
may be caused to become limp prior to withdrawal from
the body as more fully described above.

[0085] Figure 24a shows another example embodi-
ment of second coupling 26 of the flexible shaft 20, this
example embodiment of the second coupling being re-
ferred to herein as second coupling 500. In accordance
with this example embodiment, the second coupling 500
is configured to detachably couple at a proximal side to
a distal end of the flexible shaft 20, and is also configured
tobe disassembled, for, e.g., service, cleaning, refurbish-
ing, repairing, diagnostic purposes, testing purposes, up-
grading, etc. Moreover, it will be appreciated that in ac-
cordance with this example embodiment, a surgical in-
strument or attachment may include a coupling that
mates with a distal side of the second coupling 26.
[0086] Referring now to Figure 24a, the second cou-
pling 500 includes a link 510 which may be rigidly at-
tached to the distal end 24 of flexible shaft 20. Link 510
includes an annular grove 515 for receiving an O-ring
520 for producing a fluid-tight and air-tight seal between
the second coupling 500 and the distal cover or tip 690.
[0087] The second coupling 500alsoincludes aninsert
535. A proximal end 530 of insert 525 includes slotted
cut-outs or cups 755. The cups 755 are configured to
receive and hold distal ends of steering cables 34, 35,
36 and 37 (a portion of which is shown in this figure). The
insert 525 also includes recesses 555 for receiving bear-
ings 550 and a slot 526.

[0088] In this example embodiment, the steering ca-
bles 34, 35, 36, and 37 include spherical distal ends 34a,
35a, 36a, and 374, respectively, for releaseably and ten-
sionally engaging in respective cups 755 of insert 525.
During assembly, steering cables 34, 35, 36, and 37,
which extend from the distal end 24 of the flexible shaft
20, are passed through a bore 525 of the link 510. Steer-
ing the spherical distal ends 34a, 35a, 36a and 37a of
cables 34, 35, 36, and 37 tensionally engage the proximal
end 530 of an insert 525, urging the proximal end 530 of
the insert 525 into the bore 525 of the link 510, lip 535 of
the link 510 firmly engaging a proximal face 545 of a distal
end 540 of the insert 525.

[0089] Bearings 550 are received by recesses 555 of
insert 525, e.g., by press fit, friction fit, interference fit,
etc. Each bearing 550 includes a bore 560.

[0090] The second coupling 500 also includes a first
shaft engagement member 565, and a second shaft en-
gagement member 575. A proximal end 570 of the first
shaft engagement member 565 and a proximal end 580
of the second shaft engagement member 575 are re-
ceived in arespective one of the bores 560, e.g., by press
fit, frictional fit, interference fit, etc. Each of the first shaft
engagement member 565 and the second shaft engage-
ment member 575 includes a respective annular cup
member 625, 630.

[0091] In this example embodiment, annular magnets
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590 are provided. These magnets 590 may be used in
conjunction with a Hall sensor or Hall-effect device, as
described above. A distal end 605 of the first shaft en-
gagement member 565 and a distal end 610 of the sec-
ond shaft engagement member 575 extends through a
respective bore 615 of the magnets 590. Each of the
magnets 590 is non-rotatably connected to the first shaft
engagement member 565 and the second shaft engage-
ment member 575 at first cup member 625 of the first
shaft engagement member 565 and second cup member
630 of the second shaft engagement member 575, re-
spectively, so as to rotate with the first shaft member 565
and the second shaft member 575.

[0092] A printed circuit board ("PCB") 635 is disposed
adjacent to magnets 590. PCB 635 has a first slot 640
and a second slot 645 through which the distal end 605
of the first shaft engagement member 565 and the distal
end 610 of the second shaft engagement member 575
received. PCB 635 also includes contact pins 680 con-
figured for electrically and logically connection to a sur-
gical instrument or attachment.

[0093] In accordance with this example embodiment,
PCB 635 is connected to a distal end of a flexible data
cable which extends through slot 526 of insert 525, and
through bore 525 of link 510 . A proximal end of the flex-
ible data cable is configured to connected to the data
transfer cable 38 arranged in the flexible shaft 20. This
flexible data cable allows data transfer between the data
transfer cable 38 (and, accordingly, controller 122), PCB
635 and the surgical instrument or attachment.

[0094] A contact pin seal 675 is provided adjacent to
PCB 635. Contact pin seal 675 includes bores 685. Con-
tact pin seal 675 receives and seals contact pins 680 of
the PCB 635, such that the contact pins 680 extend par-
tially through bores 685.

[0095] Bearings 660 and 665 are also provided adja-
cent to a distal side 670 of PCB 635. The distal end 605
of the first shaft engagement member 565 and the distal
end 610 of the second shaft engagement member 575
are each received by a first bore 655 of the first distal ball
bearing 650 and a second bore 660 of the second distal
ball bearing 665, e.g., by press fit, frictional fit, interfer-
ence fit, etc.

[0096] A distal cover ortip 690 is provided to cover the
arrangement. The distal tip 690 includes a first bore 695,
a second bore 700, and two contact pin bores 705. Seals
710 are provided in the first bore 695 and the second
bore 700. The distal end 605 of the first shaft engagement
member 565 and the distal end 610 of the second shaft
engagement member 575 are each received by a first
bore 695 and a second bore 700 of a distal tip 690, re-
spectively, and extend therethrough to couple to a sur-
gical instrument or attachment. The distal ends 605 and
610 also pass through the seals 710. The contact pins
680 of the PCB 635 extend partially through the contact
pin bores 705 of the distal tip 690 to connect to the sur-
gical instrument or attachment.

[0097] The distal tip 690 is rigidly and firmly attached
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to the link 510 by a locking mechanism. Figure 24b illus-
trates the second coupling 500 in its assembled state.
The locking mechanism for securing the distal tip 690 to
the link 510 may include any suitably selected locking
mechanism for firmly securing mechanical elements,
such as, for example, screws, bolts, rivets, clamps, clips,
fasteners, adhesives, epoxies, sealants, a weld, a braz-
ing, a soldered connection, an ultrasonic weld, etc. The
locking mechanism may also be removable to allow for
disassembly of detachable second coupling 500, so that
the flexible shaft may be, for example, cleaned, sterilized,
autoclaved, maintained, repaired, parts replaced, refur-
bished, etc.

[0098] Referring now to Figure 25, there is seen a sec-
tional view of an example detachable second coupling
500 fully assembled, including a flexible strip locking
mechanism 720 for securing the distal tip 690 to the link
510. The link 510 includes a first annular recess 725 and
the distal tip 690 includes a second annular recess 730.
When the detachable second coupling 500 is fully as-
sembled, the first annular recess 725 of the link 510 and
the second annular recess 730 of the distal tip 690 are
situated adjacent to one another, forming an annular cav-
ity 735. A annular strip 740 substantially fills the cavity
735 and prevents movement of the distal tip 690 relative
to the link 510, e.g., along longitudinal axis 745, thereby
firmly securing the distal tip 690 to the link 510. The an-
nular strip 740 may be flexible and may be formed of,
e.g., metal, e.g., stainless steel.

[0099] Referring now to Figures 26a to 26d, there is
seen a sequence of assembling and/or disassembling
the detachable second coupling 500 illustrated in Figure
25. Figure 26a shows a sectional view of a detachable
second coupling 500 fully assembled, before insertion of
the flexible annular strip 740. As is seen from Figure 26a,
the distal tip 690 includes a tangential slit 750 leading
from the outer surface of the distal tip 690 to the annular
sealing cavity 735. Asiillustrated in Figure 26b the flexible
annular strip 740 is inserted through the tangential slit
750 and into the annular cavity 735. Aninsertion pressure
exerted on the annular strip 740 causes it to be flexibly
guided into at least a portion of the annular cavity 735,
as illustrated in Figures 26¢ and 26d. However, it should
be appreciated that the flexible annular strip 740 may
occupy substantially all of the annular cavity 735 after
insertion. As described above, the flexible annular strip
740 prevents movement of the distal tip 690 relative to
the link 510, thereby firmly securing the distal tip 690 to
the link 510.

[0100] To disassemble detachable second coupling
500, the flexible annular strip 740 may be removed from
the annular cavity 735, for example, by manually pulling
the flexible annular strip 740 from the annular cavity 735
via the tangential slit 750. Removal of the annular slit
allows movement of the distal tip 690 relative to the link
510, thereby permitting disassembly of the detachable
second coupling 500.

[0101] Referring now to Figure 27, there is seen a sec-
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tional view of an example shaft engagement member
565, 575. As shown, first shaft engagement member 565
and second shaft engagementmember 575 each include
a proximal bore 760. When the second coupling is as-
sembled and connected to the flexible shaft 20, the first
drive shaft 30 of the flexible shaft 20 and the second drive
shaft 32 of the flexible shaft 20 extend from the distal end
24 of the flexible shaft 20 through the bore 525 of the link
510, where they releaseably and non-rotatably connect
to the proximal end 570 of the first shaft engagement
member 565 and the proximal end 580 of the second
shaft engagement member 575, respectively, for exam-
ple, by being rigidly inserted into a respective proximal
bore 760. Each of the first drive shaft 30 and the second
drive shaft 32 may include a rigid end piece adapted by
size and configuration to frictionally and non-rotatably
engage a respective bore 760. It should be appreciated
thatin this embodiment, the first shaft engagement mem-
ber 565 and the second shaft engagement member 575
may be removable from first drive shaft 30 and second
drive shaft 32, respectively, to allow the detachable sec-
ond coupling 500 to be disassembled, so that flexible
shaft 20 may be, for example, cleaned, sterilized, auto-
claved, repaired, replaced, refurbished, upgraded, main-
tained, etc.

[0102] Figure 29 illustrates an example PCB 635 for
use within the example second coupling 500. As seen in
Figure 29, PCB 635 includes a memory unit 850, an op-
tional processing unit 855, circuitry 851 (including, for
example, Hall-effect devices or Hall sensors 852), and a
set of data leads 860 for electrical and logical connection
to the data transfer cable 38 of the flexible drive shaft 20.
Alternatively, it should be appreciated that the memory
unit 850 and/or circuitry 851 need not be located on PCB
635 and may be located anywhere within or on the flexible
shaft 20, such as, for example, inside or on the flexible
shaft 20, inside or on first coupling 22, and/or inside or
on second coupling 500 in a different location. The mem-
ory unit 850 may be in the form of, for example, an EEP-
ROM, EPROM, etc. and may be configured, forexample,
to store usage data 870 of the flexible drive shaft 20, such
as, for example, the number of times a rotatable drive
shaft 30, 32 is rotated, the number of times a rotatable
drive shaft 30, 32 is used, the number of times a rotatable
drive shaft 30, 32, the number of times the flexible shaft
20 has beenused, the number of rotations of the rotatable
drive shaft 30, 32, the number of times the flexible shaft
20 has been connected and/or disconnected from the
remote power console 12 and/or a surgical instrument or
attachment attachable to the flexible shaft 20, a date,
e.g., of initial use, connection, rotation, etc. and/or any
other data, etc. The memory unit 850 may also store se-
rial number data 875 and/or identification (ID) data 880
of the flexible shaft 20 indicating, for example, the type
of flexible shaft 20 and/or a particular flexible shaft 20,
etc. Optional processing unit 855 may be electrical and
logical connection to the memory unit 850 and may be
configured to, for example, pre-process one or more of
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the usage data 870, the ID data 880, and the serial
number data 870 before being stored in the memory unit
850. The angular position of the drive shafts 30, 32, the
direction of rotation of the drive shaft 30, 32, and/or the
number of rotations of the drive shaft 30, 32 (e.g., using
magnets 590), etc., may be determined and/or determi-
nable in accordance with signals from the Hall sensors
852.

[0103] Itshould be appreciated thata particular flexible
shaft 20 may be designed and configured to be used a
single time, multiple times, a predetermined number of
times, etc. Accordingly, the usage data 870 may be used
to determine whether the flexible shaft 20 has been used
and/or whether the number of uses has exceeded a max-
imum number of permitted uses. As more fully described
above, an attempt to use a flexible shaft 20 after the max-
imum number of permitted uses has been reached may
cause an ERROR condition.

[0104] Referring now to Figures 28a, 28b and 28c,
there is seen an example connection mechanism 800
configured to connect a surgical instrument or attach-
ment (e.g., surgical stapler attachment 250) to the sec-
ond coupling 500 of the flexible shaft 20. Other connec-
tion mechanisms are, of course, possible. In this example
embodiment, assume, for example, thateach of the distal
ends 605, 610 of shaft engagement members 565, 575
is represented by engagement shaft 835. Assume also,
for example, that a proximal end of a surgical instrument
or attachment includes a coupling (e.g, coupling 260)
having a first connector (e.g., for driving drive shaft 262)
and a second connector (e.g., for driving drive shaft 266)
configured as an engagement member 805.

[0105] The engagement shaft 835 includes a number
of grooves 840. The engagement member 805 has a
bore 810 and two longitudinal slits 820. A clip 825 having
flanges 830 is inserted in the bore 810 of the engagement
member 805. It should be appreciated that engagement
member 805 may include any number of longitudinal slits
820 and that there may be a corresponding number of
flanges 830 of clip 825 received by the longitudinal slits
820.

[0106] Engagement shaft 835 is inserted in the bore
810 of the engagement member 805, with at least one
of the flanges of the 830 engaged, e.g., frictionally, with
a grooves 840 of the engagement shaft 835. In this man-
ner, the engagement shaft 835 and the engagement
member 805 may be releasably and non-rotatably cou-
pled.

[0107] Although in this example embodiment, Figures
28a, 28b, and 28c illustrate a respective engagement
member 805 as part of each of the coupling of the surgical
instrument or attachment, and the engagement shaft 835
as part of first and second shaft engagement members
565, 575, it should be appreciated that in another exam-
ple embodiment, the first and second shaft engagement
member 565, 575 may include an engagement member
805 and the coupling of the surgical instrument or attach-
ment may include engagement shafts 835.
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[0108] Referring now to Figure 31, there is seen an
example flexible shaft 20 including a moisture sensor 990
configured to detect moisture within the flexible shaft 20.
Figure 31 shows moisture sensor 990 disposed within
the second coupling 500 (e.g., mounted on PCB 635).
Moisture sensor 990 is coupled to the data transfer cable
38 to communicate an indication of the presence of mois-
ture (e.g., sensed moisture data is communicated) to the
remote power console 12. The presence of moisture with-
in the flexible shaft 20 may cause corrosion of the com-
ponents of the flexible shaft 20, such as, for example,
the rotatable drive shafts 30, 32, electronic or electrical
components arranged in the flexible shaft 20, etc. In ac-
cordance with and/or based on the sensed moisture data,
the remote power console 12 may communicate the pres-
ence of moisture to a user, such as, for example, by au-
dible or visual signal.

[0109] Referring now to Figure 32, there is seen an
example moisture sensor 990 including a first printed
lead 995 and a second printed lead 996, each of which
is printed on board element 997 and connected to the
data transfer cable 38. The presence of moisture may
change the electrical conductivity between the printed
leads 995, 996, e.g., the electrical resistance between
the printed leads 995, 996 may vary in accordance with
the amount of moisture present.

[0110] Itwill be appreciated thata moisture sensor 900
may additionally or alternatively be disposed within the
elongated sheath of the flexible shaft 20, and coupled to,
e.g., data transfer cable 38.

[0111] | n some cases, the user of the surgical device
10 may desire to make a portion of the flexible shaft 20
rigid (relative to the flexibility of flexible shaft 20). Accord-
ingly, referring now to Figures 30a, 30b, and 30c, there
is seen an example shape-retaining sleeve 900 for mak-
ing rigid or maintaining a desired shape of at least a por-
tion of the flexible shaft 20. Figure 30a illustrates an ex-
ploded view of the shape-retaining sleeve 900, Figure
30billustrates an assembled view of the shape-retaining
sleeve 900, and Figure 30c illustrates a sectional view
of the shape-retaining sleeve 900. The shape-retaining
sleeve 900 includes an elongated sleeve or shaft mem-
ber 905 having a bore 960 extending therethrough, and
a positioner or securing device 901 including housing
member 910 having a bore 925 extending therethrough,
a securing knob 915 having a bore 965 extending there-
through, and an O-ring 920. It should be appreciated that
the sleeve member 905 may be constructed from a rigid
non-bendable material or, alternatively, may be con-
structed from a material capable of being deformed into
different configurations or shapes, butgenerally retaining
its shape once deformed.

[0112] In the example embodiment illustrated in Fig-
ures 30a to 30c, the sleeve member 905 is rigidly re-
ceived within at least a portion of the bore 925 of the
housing member 910. As illustrated in Figure 30c, bore
925 may have a proximal portion 940 having a larger
diameter than a distal portion 945. A distal end 955 of
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the securing knob 915 is rigidly received within the prox-
imal portion 940 of the bore 925. Helical threads may be
provided on the inside surface of the proximal portion
940 of the bore 925 and the outer surface of the distal
end 955 of the securing knob 915 to permit the securing
knob to be screwed into place. Alternatively, for example,
the securing knob 915 may frictionally and slidably en-
gage within the proximal portion 940 of the bore 925. The
O-ring 920 is received within the proximal portion 940 of
the bore 925 and urged against an interface 950 between
the proximal and distal portions 940, 945 of the bore 925
by the distal end 955 of the securing knob 915. Compres-
sion of the O-ring at the interface 950 urges at least a
portion of an inner annular surface 975 of the O-ring 920
inwardly in a radial direction indicated by arrows 980,
thereby frictionally engaging and securing a flexible shaft
20 inserted in the sleeve member 905 through the O-ring
920. When fully assembled, the bores 960, 925, 965 are
disposed adjacent to one another, forming a continuous
channel 970 for receiving at least a portion of the flexible
shaft 20.

[0113] Atleasta portion of the flexible shaft 20 may be
inserted through the continuous channel 970 for main-
taining rigid at least the portion of the flexible shaft 20 in
a predefined or predefinable shape, in accordance with
the predefined or predefinable shape of the sleeve mem-
ber 905. The distal end 24 of flexible shaft 20 extends
through the continuous channel 970 and beyond at least
a portion of a distal end 985 of the sleeve 900, the second
coupling 26 detachably securable to the distal end 24 of
flexible shaft 20. As described above, the receipt of the
securing knob 915 by bore 925 causes the inner annular
surface 975 of O-ring 920 to frictionally and securely en-
gage the flexible shaft 20, thereby holding it firmly in
place. It will be appreciated that the sleeve 900 may be
retained or secured in a selected longitudinal position
along the flexible shaft 20 via the securing device 901.
The sleeve 900 generally retains the flexible shaft 20 in
a predetermined or predeterminable shape.

[0114] It should be appreciated that the securing knob
915 may frictionally secure the flexible shaft 20 by other
arrangements other than the O-ring 920, such as, for
example, by threaded engagement, compressive en-
gagement, clamping, gluing, pasting, etc. It should also
be appreciated that use of the shape-retaining sleeve is
optional, i.e., the flexible shaft may be usable without the
shape-retaining sleeve being employed.

[0115] The several aforementioned objects and ad-
vantages of the present invention are most effectively
attained. Those skilled in the art will appreciate that nu-
merous modifications of the exemplary embodiment de-
scribed hereinabove may be made without departing
from the scope of the invention. Although a single exem-
plary embodiment of the present invention has been de-
scribed and disclosed in detail herein, it should be un-
derstood that this invention is in no sense limited thereby
and that is scope is to be determined by that of the ap-
pended claims.
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Claims

1.

A shaft arrangement (20), comprising:

an elongated flexible sheath (28);

a shape-retaining sleeve (900), at least a portion
of the flexible sheath (28) being disposed in the
shape-retaining sleeve (900), the shape-retain-
ing sleeve (900) configured to maintain the at
least a portion of the flexible sheath (28) in a
predetermined shape;

characterized in that the shaft arrangement
(20) further comprises a securing arrangement
(901) variably securing the shape-retaining
sleeve (900) to the flexible sheath (28) in any
one of a number of longitudinal positions along
the flexible sheath (28).

The shaft arrangement according to claim 1, further
comprising:

at least one flexible drive shaft (30) disposed in
the flexible sheath (28).

The shaft arrangement according to claims 1 or 2,
wherein the securing arrangement (901) includes:

a housing member (910) having a bore (925)
extending therethrough, the bore (925) of the
housing member (910) having a proximal por-
tion (940) and a distal portion (945);

a securing knob (915) having a bore (965) ex-
tending therethrough and a distal portion (955)
received within the proximal portion (940) of the
bore (925) of the housing member (910); ; and
an o-ring (920) received within the proximal por-
tion (940) of the bore (925) of the housing mem-
ber (910) and urged against an interface (950)
between the proximal portion (940) and the dis-
tal portion (945) of the bore (925) of the housing
member (910) by the distal portion (955) of the
securing knob (915),

wherein the shape-retaining sleeve (900) includes a
bore (960) extending theretrough,

wherein the bores of the shape-retaining sleeve
(900), the housing member (910), and the knob (915)
are disposed adjacent to each other forming a con-
tinuous channel (970) for receiving at least a portion
of the flexible sheath (28),

wherein the knob (915) is configured to retain the
elongated shaft in a selected one of the longitudinal
positions by compressing the o-ring (920) against
the housing member (910).

The shaft arrangement according to claim 3, wherein
the knob (915) is threadably received within the bore
(925) of the housing member (910).
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5. Theshaftarrangement according to claim 3, wherein

the knob (915) is frictionally and slidably received
within the bore (965) of the housing member (910).

Patentanspriiche

1.

Eine Schaftanordnung (20), umfassend:

eine langliche flexible Hiille (28);

eine formstabile Hulse (900), wobei mindestens
ein Teil der flexiblen Hulle (28) in der formstabi-
len Hilse (900) angeordnet ist, die formstabile
Hulse (900) so geformt ist, um den mindestens
einen Teil der flexiblen Hulle (28) in einer vor-
bestimmten Form zu halten;

dadurch gekennzeichnet, dass die Schaftan-
ordnung (20) ferner eine Befestigungsvorrich-
tung (901) umfasst, welche die formstabile Hul-
se (900) an der flexiblen Hille (28) in einer der
Reihe an Langspositionen entlang der flexiblen
Hulle (28) variabel befestigt.

Die Schaftanordnung gemag Anspruch 1, fernerum-
fassend:

mindestens einen flexiblen Antriebsschaft (30),
der auf der flexiblen Hulle (28) angeordnet ist.

Die Schaftanordnung gemaR Anspruch 1 oder 2, wo-
bei die Befestigungsvorrichtung (901) umfasst:

ein Gehauseelement (910), das eine Bohrung
(925), welche sich durch dieses erstreckt, auf-
weist,

wobei die Bohrung (925) des Gehauseelements
(910) einen proximalen Teil (940) und einen di-
stalen Teil (945) aufweist;

einen Befestigungsknopf(915), der ein Bohrung
(965), welche sich durch diesen erstreckt, und
einen distalen Teil (955), der in dem proximalen
Teil (940) der Bohrung (925) des Gehadusee-
lements (910) aufgenommen ist, aufweist; und
einen O-Ring (920), der in dem proximalen Teil
(940) der Bohrung (925) des Gehauseelements
(910) aufgenommen ist, und der gegen eine
Grenzflache (950), zwischen dem proximalen
Teil (940) und dem distalen Teil (945) der Boh-
rung (925) des Gehauseelements (910), durch
den distalen Teil (955) des Befestigungsknopfs
(915) gedrtickt wird,

wobei die formstabile Hilse (900) ein Bohrung
(960) umfasst, die sich durch diese erstreckt,
wobei die Bohrungen der formstabilen Hulse
(900), des Gehauseelements (910) und des
Knopfs (915) nebeneinander angeordnet sind,
wobei sie einen fortlaufenden Kanal (970) bil-
den, um mindestens einen Teil der flexiblen Hil-
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le (28) aufzunehmen,

wobei der Knopf (915) so geformt ist, um den
langlichen Schaft in einer ausgewahlten der
Langspositionen, durch Pressen des O-Rings
(920) gegen das Gehauseelement (910), zu fi-
xieren.

Die Schaftanordnung gemaR Anspruch 3, wobei der
Knopf (915) durch ein Gewinde in der Bohrung (925)
des Gehauseelements (910) aufgenommen ist.

Die Schaftanordnung gemaR Anspruch 3, wobei der
Knopf (915) reibschlissig und verschiebbar in der
Bohrung (965) des Gehauseelements (910) aufge-
nommen ist.

Revendications

Aménagement d’arbre (20), comprenant :

une gaine souple allongée (28) ;

une douille de rétention de forme (900), au
moins une portion de la gaine souple (28) étant
disposée dans la douille de rétention de forme
(900), ladouille de rétention de forme (900) étant
configurée pour maintenir la au moins une por-
tion de la gaine souple (28) sous une forme
prédéterminée ;

caractérisé en ce que 'aménagement d’arbre
(20) comprend en outre un aménagement de
fixation (901) fixant de maniere variable la
douille de rétention de forme (900) a la gaine
souple (28) dans 'une quelconque d’un certain
nombre de positions longitudinales le long de la
gaine souple (28).

Aménagement d’arbre selon la revendication 1,
comprenant par ailleurs :

au moins un arbre d’entrainement souple (30)
disposé dans la gaine souple (28).

Aménagement d’arbre selon la revendication 1 ou
la revendication 2, dans lequel 'aménagement de
fixation (901) comprend :

un élément de logement (910) ayant un alésage
(925) qui le traverse, l'alésage (925) de I'élé-
mentde logement (910) ayant une portion proxi-
male (940) et une portion distale (945) ;

un bouton de fixation (915) ayant un alésage
(965) qui le traverse et une portion distale (955)
regue dans la portion proximale (940) de l'alé-
sage (925) de I'élément de logement (910) ; et
un joint torique (920) regu dans la portion proxi-
male (940) de l'alésage (925) de I'élément de
logement (910) et pressé contre une interface
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4.

5.

(950) entre la portion proximale (940) et la por-
tion distale (945) de I'alésage (925) de I'élément
de logement (910) par la portion distale (955)
du bouton de fixation (915), dans lequel la
douille de rétention de forme (900) comprend
un alésage (960) quile traverse, dans lequel les
alésages de la douille de rétention de forme
(900), de I'élément de logement (910) et du bou-
ton (915) sont disposés adjacents I'un a l'autre
pour former un canal continu (970) afin de rece-
voir au moins une portion de la gaine souple
(28), dans lequel le bouton (915) est configuré
pour retenir I'arbre allongé dans l'une - choisie
- des positions longitudinales par compression
du joint torique (920) contre I'élément de loge-
ment (910).

Aménagement d’arbre selon la revendication 3,
danslequelle bouton (915) estrecu par vissage dans
I'alésage (925) de I'élément de logement (910).

Aménagement d’arbre selon la revendication 3,
dans lequel le bouton (915) est regu par frottement
et coulissement dans l'alésage (965) de I'élément
de logement (910).
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